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Abstract: This study aimed to investigate the price dynamics in the dairy industry of Honduras under the 
framework of the Central America Free Trade Agreement (CAFTA-DR). A vector error correction model 
(VECM) was modeled in order to determine whether there were differences in the prices before and after 
integration of Honduras in the agreement. Impulse response functions (IRF) were used to model the price 
adjustments caused by external shocks. Estimates from the VECM show that prices of quesillo and dry cheese 
decreased after CAFTA-DR took effect, whereas those of fresh cheese increased. Impulse response functions 
show that shocks in the prices of milk had the highest impact in the prices of the other dairy products. They also 
show that fresh and dry cheese can function as substitutes of butter and vice versa. 
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I. INTRODUCTION 
 
One of the premises of free trade agreements such as 
the Dominican Republic and Central America Free 
Trade Agreement (CAFTA-DR) is that removing the 
barriers to trade can help raise income and increase 
economic growth in developing countries [1]. After 
the CAFTA-DR, Honduras has duty-free preferential 
treatment for 97% of the agricultural products being 
exported to the US, while 53% of the agricultural 
products exported from the US are exempt from taxes 
and the other 47% is subject to gradual tariff 
reduction [2]. The importance of the CAFTA-DR for 
the animal industry of Honduras is that this 
agreement was the first to include the gradual 
elimination of protective measures for sensitive 
products, including dairy and meat [3]. 
 
Trade liberalization through CAFTA-DR has 
received opposition because livelihoods of 
smallholders are said to be hampered if competing 
directly with US producers [4;5]. Morley et al. [1] 
found that CAFTA-DR was not expected to cause a 
significant price reduction of agricultural products. 
Nonetheless, they assume that the gradual fadeout of 
tariffs for sensitive products will provide local 
producers enoughtime to adjust and become more 
competitive. Their analysis, however, is based on 
price dynamics in the short run and did not take into 
consideration the long-run price dynamics or the 
consequences of CAFTA on price transmission. In 
the long run, farmers and manufacturers of dairy 
products will have to compete in a market that has 
lower tariff protection, which might affect the price 
transmission in the Honduran dairy industry. 
Therefore, a study that sheds light into the long-run 
price dynamics of the dairy industry in Honduras is 
called for.  

An analysis of price transmission can assist policy 
makers in understanding the consequences of market 
liberalization in several ways. Amikuzumo and 
Ogundary’s [6] review found that several studies used 
the concept of price transmission for analyzing the 
effects of price liberalization of various grains in Sub-
Saharan agricultural markets. They further argue that 
price transmission studies can help increase the 
knowledge of how international price signals can be 
transmitted to the domestic markets of countries that 
have recently liberalized their markets. Thompson et 
al. [7] investigated price transmission to analyze the 
effects of market liberalization in the European 
agricultural markets on the stability of international 
and domestic wheat grain prices. Figiel [8] used 
cointegration analysis to quantify the effects of 
government intervention on the prices of Polish and 
world wheat markets, while Rashid [9] used 
Johansen's cointegration analysis and causality tests 
to evaluate the Ugandan Maize market performance 
during the years following market liberalization. 
Amikuzumo and Ogundary [6] stressed the 
importance of understanding the impact of market 
liberalization on the performance of agricultural 
markets, especially in the face of the recent 
international food crisis. Since CAFTA-DR provides 
an opportunity to study such impacts, the objective of 
this research was to investigate the price transmission 
in the dairy industry of Honduras under the CAFTA-
DR to better understand the dynamics of the prices of 
dairy products before and after the trade agreement 
took place. 
 
II. DATA AND METHODOLOGY 
 
The data used for this study consists of average 
monthly nominal prices of Honduran dairy products 
including butter (PB), quesillo (PQ), fresh cheese 
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(PF), dry cheese (PD) and fluid milk (PM) from 
January 1998 to April 2013. All the data series are 
expressed in Lempiras (i.e., the local currency) per 
pound (Lps/lb). It is a common feature that prices of 
dairyproducts exhibit a cyclical pattern caused by 
seasonality. In order to reduce the potential effects 
caused by these cyclical patterns on the estimates, the 
price series were adjusted using the U.S. Census 
Bureau’s X12 seasonal adjustment. 
 
Before studying the price dynamics of the Honduran 
dairy products, examination of the time-series 
properties of the data were conducted in order to 
avoid spurious results. The Augmented Dickey-Fuller 
(ADF) test was used to determine the order at which 
the variables PB, PQ, PD, PF and PM were 
stationary. If all the aforementioned variables are 
non-stationary at level and stationary at first 
difference, cointegration analysis can be done. 
Multivariate cointegration tests were employed after 
determining that the variables were stationary at the 
same order. Johansen’s multivariate cointegration 
procedure [10] helps the user test whether a group of 
variables that are integrated of order 1 can form 
several linear combinations of variables that are 
stationary. Johansen’s multivariate cointegration 
approach starts by modeling a set of endogenous 
variables in a k lag vector error correction model 
(VECM) model in the following form: 
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where Δ is the first difference operator, ΔPt= (ΔPBt, 
ΔPQt, ΔPFt, ΔPDt, ΔPMt)ʹ,  is vector of price series, 
εt is a vector of identically and independently 
distributed residuals and k´ is the number of optimal 
lags determined by AIC. Π is a n×r matrix of long run 
parameters that can be decomposed into long term 
coefficients αβʹ where βʹ contains the long run matrix 
of coefficients and α contains the speed of adjustment 
to equilibrium coefficients [11]. Therefore, βʹPt-k is 
considered the error correction term that contains up 
to (n-1) cointegrating vectors. In this study, five 
endogenous variables were included in the analysis, 
which amounts to four cointegrating vectors [12]. The 
Johansen approach is used to determine the number 
of cointegrating vectors based on the trace test 
statistics (λtrace) statistics. 
 
A VECM was built using the entire dataset in order to 
account for the price dynamics before and after 
Honduras entered the CAFTA-DR. We follow Ihle et 
al. [13], who proposed the use of a VECM with 
exogenous variables for determining the effects of 
trade policy, and Kim et al. [14], who studied the 
effects of a free trade agreement by including a 
dummy variable in the VECM. Therefore; we 
modified (1) by adding a dummy variable that 
accounts for CAFTA-DR, obtaining (2): 
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where the variables are the same as in (1); however, 
in Π, βʹ is constrained to the number of cointegrating 
vectors found in Johansen’s cointegration analysis. 
Following Ihle et al. [13] we included Dt as an 
exogenous dummy variable that accounts for the 
months after the CAFTA-DR was enacted (a value of 
0 is given to the months before Honduras entered 
CAFTA-DR while a value of 1 is given to the months 
after Honduras entered CAFTA-DR). CAFTA-DR 
was included as a dummy variable because exports of 
dairy products from Honduras to the United States 
gained preferential treatment after the enactment of 
CAFTA-DR. Another reason is that the dairy 
products included in this study are ethnic products 
that are not imported from USA. In addition, import 
tariffs of dairy products remained unchanged because 
the available price data still fell within the 10-year 
grace period. 
 
Estimates of the VECM are at times difficult to 
interpret [15]. Therefore, the dynamic price 
adjustments caused by external shocks were modeled 
using IRF. Formulation of the IRF in VECM is 
similar to construction of IRF in unrestricted vector 
autoregression (VAR) [12]. However, IRF in 
unrestricted VAR and IRF in VECM differ in that 
VECM must account for variables that are 
cointegrated [16]. A complete description of building 
IRF in VECM can be found in Lütkerpohl and 
Reimers [15]. Modeling the IRF based on VECM 
helps determine whether external shocks on prices are 
permanent or transitory [16]. If the system of 
variables is cointegrated, the calculation of a vector 
error correction model alters the interpretation of the 
impulse response functions. External shocks in the 
system of cointegrating variables may help 
researchers construct IRF that will converge in a new 
equilibrium rather than dying out in the long run. 
 
III. RESULTS AND DISCUSSION 
 
Unit root tests show that the prices of all dairy 
products used in this study are non-stationary at level 
but stationary at first difference (Table 1), which 
allows us to continue with the cointegration 
analysis.Trace test statistics obtained from the 
Johansen’s cointegration test (Table 2) show that the 
price series used in this study are cointegrated. In fact 
three cointegrated vectors were found to exist 
between the different price series.  
 
Results of the VECM from (2) are shown in Tables 3 
and 4. Based on the Johansen’s cointegration test 
results, the cointegration structure of the VECM was 
restricted to three cointegrating vectors, namely β1, 
β2, and β3. The structure of the cointegration equation 
shown in Table 3 portrays the long-run relationships 
that exist between the price series. Equations (3) to 
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(5) are based on the structure of the cointegrating 
equations and allow an easy interpretation of the 
long-run cointegrating relationships. 
 
Equations (3) to (5) show that PM and PF have a 
long-run relationship with PB, PQ and PD. As 
expected in the long run, PM had a positive 
relationship with that of processed dairy products 
such as PB and PQ. However there is a 
slightlysmaller negative relationship between PM and 
PD. This difference can be attributed to the lower 
storability of butter and quesillo compared to dry 
cheese. Lower storability means that producers of 
quesillo and butter need to sell their products at a 
faster pace and are therefore more dependent on the 
PM, which might explain the strong relationship 
between PM, PB and PQ. In contrast, PD had a lower 
sensibility towards changes in the PM because PD is 
a product with long storability and is therefore less 
dependent on the PM. In turn, PF has a strong long-
run negative relationship with PB, which indicates 
that fresh cheese and butter are close substitutes. In 
addition, a strong positive relationship between PF 
and PD was found. A positive relationship between 
PD and PF was expected since dry cheese is a 
byproduct of fresh cheese. 
 
According to the CAFTA-DR regulations, tariffs for 
imported milk powder from the United States will 
remain unchanged for a period of 10 years, after 
which the tariffs will be gradually reduced to zero [2]. 
Therefore, considerable attention to the relationship 
between prices of Honduran dairy products with the 
prices of imported milk powder should be paid, since 
a tariff rate reduction will result in a reduction on the 
import prices of milk powder in Honduras. Evidence 
of positive relationships between prices of imported 
milk powder and domestic prices were found in 
Panama by Acosta and Robles [17]. If this 
relationship holds for Honduras, then it may cause a 
decrease in the price of domestic fluid milk in 
Honduras in response to falling prices of imported 
milk powder. However, future research on the 
relationship between prices of fluid milk and those of 
milk powder is required to determine if the prices of 
these two products have a positive relationship. 
 
Table 4 displays the CAFTA-DR dummy variable 
coefficients, which reflect the impact of CAFTA-DR 
on dairy product prices. Results show that, after 
CAFTA-DR entered into effect, PB and PD 
diminished by 6.012% and 2.664% respectively while 
PF increased by 2.122%. Changes in PM and PB 
were minor and insignificant. These results are in 
agreement with those found in simulations of dairy 
trade liberalization in Canada, where prices of cheese 
and butter diminished [18]. In contrast, Morley et al. 
[1] found that,in the short-run, the prices of 
agricultural products were not significantly affected 
by CAFTA-DR. 

Table 1. ADF unit root test results 

 
Note: The asterisk denotes significance at 5% level. 
 

Table 2. Multivariate Johansen Cointegration 
results 

 
Note: r denotes the number of cointegration vectors. 
The asterisk denotes significance at 5% level. 
 
Table 3. Structure of the cointegration equations 

 
Note: a C.E. stands for cointegrating equation. βi are 
the cointegrating vectors found in the VECM. γis 
constant term in the cointegrating equation. The 
asterisk denotes rejection of the null hypothesis at 
10% significance level. 
 

Table 4. Estimates of the short-run adjustment 
model 

 
Note: βi are the cointegrating vectors found in the 
VECM. AIC is the Aikake information criterion. The 
asterisk denotes rejection of the null hypothesis at 
10% significance level. 
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A decrease in the prices of dairy products may impact 
the wages and welfare of farmers and producers in 
the dairy production and manufacturing industry. For 
example, Lasco et al. [19] found evidence that the 
changes in prices of rice caused by rice trade 
liberalization in the Philippines were positively 
associated with agricultural wages and welfare of 
agricultural wage earners. If this relationship holds, 
then the falling prices of dairy products may impact 
the livelihoods of farmers and manufacturers of dairy 
products. Further research may focus on whether a 
price reduction in dairy products affects the wages 
and welfare of producers engaged in their production. 
 
Fig.1 shows the impulse response functions of one 
standard deviation innovation in prices of different 
dairy products. A one standard deviation innovation 
in the PM (Fig. 1.c) has a permanent effect on PB, 
PQ, PD and PF. The innovation causes an increase in 
the prices of the aforementioned dairy products to a 
level close or higher than 0.01 standard deviations. In 
addition, it is observed that the new equilibrium is 
reached until after 7 to 8 months of theinitial shock. 
 
An innovation in the price of butter was found to 
cause a reduction in PD and PF (Figure 1.a). The IRF 
portrayed in Fig. 1.b and 1.e show that an external 
shock in the in PD and PF may cause a reduction in 
PB. This negative relationship was also found in 
results from the long-run cointegrating relationships 
(3), which confirms that butter is a replacement 
product for both dry cheese and fresh cheese and 
viceversa. As expected, there is a strong positive 
relationship between PF and PD (Fig.1.e and Fig. 
1.b), which is similar to (5). Nonetheless, an 
innovation in the price of fresh cheese will cause an 
increase in the price of dry cheese in a lower 
proportion than that caused by an innovation in the 
price of dry cheese. 
 
CONCLUSIONS 
 
The objective of this study was to uncover the price 
dynamics of the Honduran dairy industry under the 
framework of CAFTA-DR. A VECM was proposed 
in order to find the differences in the PB, PQ, PD, PF 
and PM before and after Honduras joined the 
CAFTA-DR. Based on the results, we conclude that 
CAFTA-DR caused a reduction in the prices of dairy 
products such as quesillo and dry cheese. In addition, 
results of the IRF suggest that shocks in the PM may 
have had a permanent effect on prices of other dairy 
products such as PB, PQ, PD and PF. Therefore, 
policy makers should be wary of potential sources of 
external shocks in the PM (such as a reduction in the 
tariffs of milk powder). The relationship between the 
prices of imported milk powder and domestic fluid 
milk should be included in further research, since 
results from this study suggest that changes in PM 
may have strong impacts over prices of other dairy 

products. 
 

 
Fig.3. Impulse response function of one SD 

innovation in a) PB, b) PD, c) PM, d) PQ, e) PF 
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